LAMINAR BOUNDARY LAYERS WITH
HEAT AND MASS TRANSFER

by
P. SAMBATH NARAYANAN

A thesis submitted to the
Indian Institute of Technology, Delhi
for the award of the degree of

DOCTOR OF PHILOSOPHY

Department of Mathematics
INDIAN INSTITUTE OF TECHNOLOGY, DELHI
INDIA
1989



.. .DEDICATED

T0

My PARENTS ...



CERTIFICATE

This 48 to centify that the thesis entitled:

' LAMINAR BOUNDARY LAVERS WITH HEAT
AND MASS TRANSFER'

which is being submitted by M, P.Sambath Narayanan,
Reseanch ‘Schotan, Mathematics Depantment zo the Indian
Institute of Technology, Velhi, forn Zie award of the
DEGREE OF DOCTOR OF PHILOSOPHY in MATHEMATICS, 45 a
necord o4 bonagide nesearch work canried out by him
under my guidance and supervision and has fulfilled
all the nequirements fon the submission of this thesis.

The results contained in this thesis have not been
submitted in parnt on 4ull, o any other Undversity on
Institute §on the awarnd of any deghee on diploma.

2w

PREM KUMAR

Progesson

Department of Mathematics
1.1.7.,New Delhd.



ACKNOWLEDGEMENTS

1% gives me great pleasure Lo convey my sincere regads and
ghatitude to my supervisor Prof. Prem Kumar, Department 04

Mathematics, Indian Institute of Technology, Delhi, for his
nelpgul guLdance and constant encouwragement zhhoughoui the

preparation of this thesdis.

1 am veny Thankful to the authorities of the Indian Institute
04 Technology, Delhi and Prof. M.M. Chawla, Head of The
Department of Mathematics for providing me the researnch
facilities.

Also 1 Zake this opportunity to thank Pro4. 0.P. Bhutand,
Prog. K.N. Mehta and Prof. S.R.K. Tyengarn for many usegul
discussions and help duning the preparation of this thesis.

I am thankful to Sarbeswar Rout. for many stimulating and
useful discussions, 1 will be faling in my duty L4 1 don'%
convey my thanks to Dn. K.Vifayakwnar, Mi. Durga Prasad, .

Mr. Rajive Kumar, Ma. R.L. Narasimhan, Ma, K.C. Hani Kuman
and W, M.K. Deshimukh who were very helpgul in the preparation
o4 the thesis.

ALso 1 am pleased to convey my regands to Dn.G,Chandrasekaran,
Mi. Vikas Bisht, Dn. R.Subramanian, Mr. R.K. Mohanty,

Mis. Khunana and all my colleagues and griends who made my
stay 4n the campus homely.,

1 am thank4ul to Mr. B.B. Arona and Mr, N.C. Saraswat 50&
neatly drawing the figures which are appeaning in the thesis.

Finally, 1 wish Zo express my thanks fo Ms Neelam Dhody gon
hen shAZL{ul service An typing Lhe manuscripl.

P Ranngith moagune

P.SAMBATH NARAYANAN



ABSTRACT

The work presented in this thesis entitled
"_AMINAR BOUNDARY LAYERS WITH HEAT AND MASS TRANSFER"-
is divided into six chaﬁters. The development of the
subject, the motivation of the thesis and the necessary

mathematical tools are presented in Chapter I.

In Chapter II the laminar compressible forced
convection boundary layers over flat plate and two-
dihensiona] and axisymmetric bodies with heat transfer
and vectored mass transfer are studied. For the flat plate
case, the viscous dissipation effects are included. With
the help of the similarity transformations, the governing
syspgmﬁbf PDEs are reduced to the system of ODEs which
is éiéh solved by employing the Keller-Box finite-
différence method. From the computed solutions, the
influence of vectored mass transfer on velocity, skin-

friction, enthalpy and heat transfer are observed,

Chapter III concerns with the laminar forced
convection nonsimilar boundary layers over slender
elliptic cylinders of arbitrary shape with vectored
mass transfer and viscous dissipation. The study 1is

made subject to both isothermal wall and the constant



i

heat flux wall conditions. - Using certain transforma-
tions the governing PDEs of the problem are reduced to

a computationally convenient form of PDEs which are then
solved by employing the Keller-Box finite-difference
method. The substantial influence of the body shape

and the vectored mass transfer on the péint-of—separation,

the skin-friction and the heat transfer are observed.

In Chapter IV, the effects of radiation inter-
action in free convection laminar boundary layer flows
over isothermal vertical and horizontal surfaces are
studied. The fluid is assumed to be gray, emitting and
absorbing but non-scattering and the study is made in
the optically thick radiation limit. With the ne1§ of
new set of similarity transformations, the governing
system of PDEs are first reduced to a system of 0DEs,
which is then solved by employing the quasilinarization
technique, From the numerical results it is found that
the effects of radiation are nonlinear and the increase
in radiation interaction increases the shear stress and

the heat transfer.

Chapter V deals with the laminar natural convec-
tion boundary layer of air over an isothermal vertical

plate with the normal carbondioxide injection. The



boundary layer flow which is two-component in nature

is studied after'inc]uding thermal-diffusion and
diffusion-thermo effects. Using the similarity trans-
formations, the system of governing nonlinear coupled
PDEs are reduced to the system of nonlinear coupled
‘%DES. This system of ODEs is then solved with the help
of the quasilinearization technique. From the quasi-
linearized solutions it is found that the increase in
the carbondioxide injection decreases the skin-friction
and the heat transfer and the inclusion of thermal-
diffusion and diffusion thermo effects enhances the
heat and mass transfer., The single-component results

obtained via the present investigation are also

presented,

The laminar forced convection thermo-micropolar
boundary layer flow over an isothermal or constant heat
flux horizontal plate with vectored mass transfer‘is
studied'in Chapter VI. The microinertia of the fluid
is assumed to be a variable. Also the viscous dissipa-
tion effects are included in the isothermal wall case.
The reduced system of nonlinear 0DEs are handled wifh
the help of quasilinearization algorithm., The effects
of the micropolar parameter and the vectored mass
transfer on velocity, gyration, temperature, shear

stress and heat transfer are examined,

«Summou’\.y ard conclusions ©f the thesis ond a
discussion ©n mume~rical methods for ‘%Q‘P“VQ‘Hhﬂ boundqv
yo«\yer&‘ are provided h%pzcﬁvz%y am Appendices T and T
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